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(54) Robot and machine linked system 



(57) A controller (12) of an industrial machine such 
(10) as an injection molding machine and the controller 
(22) of a robot (20) attached to the machine are con- 
nected. The controller (12), of the industrial machine 
(1 0) with whichever of a display unit (1 3), input unit (1 4), 
and control panel (15) may be present includes an ap- 
paratus for creating motion programs of the robot as well 
as a calibration apparatus for associating coordinate 



systems of the machine (10) and robot (20). The robot 
motion programs created on the controller (12) of the 
industrial machine (1 0) is sent to the robot controller (12) 
and the robot operates based on them. It is also possible 
to enter the data for robot motion programs into the con- 
troller (12) of the industrial machine and send the data 
to the robot controller (22) in order for the robot control- 
ler to create robot motion programs. 
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Description 

[0001] The present invention relates to industrial ma- 
chines such as machine tools and injection molding ma- 
chines. In particular, it relates to a system that is s 
equipped with a robot and that operates by linking a ma- 
chine and the robot. 

[0002] Recently with the introduction of factory auto- 
mation, methods of manufacturing products without hu- 
man intervention by using robots to transport and trans- 10 
fer materials, products, assemblies, etc. (hereafter re- 
ferred to as "work") worked by machine tools, injection 
molding machines, or other machines have become 
commonplace. In case of a machine equipped with a 
robot, operations are automated: work is supplied to the is 
machine by the robot and processed work is taken out, 
transported, and handed over to the next process by the 
robot. In so doing, the machine and robot operate coop- 
eratively in synchronization. 

[0003] In case of a conventional machine equipped 20 
with a robot, a machine controller and a robot controller 
are independent of each other. The operations of the 
machine and robot are programmed into respective con- 
trollers and the machine and robot operate cooperative- 
ly by exchanging signals. The machine is operated by 25 
the machine controller and the robot attached to the ma- 
chine is operated by the robot controller. Motion pro- 
grams must be installed on the robot to control its mo- 
tions. Conventionally, the calibration for associating the 
coordinate systems of the machine and robot to coordi- 30 
nate the relative position of the machine and robot as 
well as monitoring, diagnosis, and the like with respect 
to robot motions can be performed only from the robot 
controller. 

[0004] In a production system that includes a machine 35 
and robot, it is inconvenient that the robot which work in 
cooperation with the machine cannot be operated from 
the machine controller. 

[0005] An object of the present invention is to provide 
a robot and machine linked system to improve the op- 40 
erability of the robot by allowing the robot attached to a 
machine such as an injection molding machine to be op- 
erated from the machine controller. 
[0006] To attain the above object, the present inven- 
tion couples the controller of the robot mounted on or 45 
installed adjacent to a machine and the controller of the 
above described machine via communication means, 
creates or changes robot programs on the controller of 
the above described machine, and transfers the created 
or changed programs to the controller of the above de- so 
scribed robot via the above described communication 
means. Alternatively, there is entry of data for motion 
programs of the robot by display/input means provided 
on the above described machine and transfer of the en- 
tered data to the controller of the above described robot 55 
via the above described communication means so that 
programs will be created or changed on the controller 
of the above described robot based on the transferred 



data. Then the robot will be run and controlled by these 
programs. 

[0007] The above described machine is an preferably 
injection molding machine. The display/input means 
provided on the injection molding machine may contain 
means for displaying pictures that represent molds and 
pictures that represent platens, means for selecting ro- 
bot teach points displayed on the above described dis- 
play/input means, and means for entering the coordi- 
nate values of the selected teach points so that the data 
necessary for the motion programs of the robot can be 
entered. The means for entering the above described 
coordinate values may be any of the following: means 
for entering them numerically, means for indicating the 
locations of teach points on the screen with a touch pen 
or mouse pointer and entering the coordinate values 
based on the indicated locations on the screen, means 
for indicating the locations of teach points on the screen 
with a touch panel mounted on the display/input means 
and entering the coordinate values based on the indi- 
cated locations of the teach points on the screen, means 
for moving teach points on the screen and entering the 
coordinate values based on the indicated locations of 
the teach points on the screen, and means for moving 
the robot and entering the coordinate values based on 
the current position of the robot. 
[0008] Besides, the controller of the above described 
injection molding machine may comprise means for set- 
ting the mold opening completion position and means 
for changing the molding removal position of the above 
described robot in accordance with the amount of 
change in the set values of the mold opening completion 
position. It may further comprise means for setting the 
advanced position of the ejector and means for chang- 
ing the molding removal position of the above described 
robot in accordance with the amount of change in the 
set values of the advanced position of the ejector. This 
makes it possible to change the motion pattern of the 
robot freely in accordance with setting changes in the 
mold opening completion position and in the advanced 
position of the ejector. 

[0009] For a better understanding of the invention, 
and to show how the same may be carried into effect, 
reference will now be made, by way of example, to the 
accompanying drawings, in which:- 

FIG. 1 is an explanatory drawing which outlines an 
injection molding machine system equipped with a 
robot according to one embodiment of the present 
invention; 

FIG. 2 is a flow chart of a calibration process exe- 
cuted by a processor in the controller of the injection 
molding machine to associate coordinate systems 
of the robot and injection molding machine, accord- 
ing to the above described embodiment; 
FIG. 3 is a flow chart of a teach settings for the mo- 
tion program of the robot made by the processor in 
the controller of the injection molding machine, ac- 
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cording to the above described embodiment; 
FIG. 4 is a flow chart of a parameter setting for mold- 
ing removal according to the above described em- 
bodiment; 

FIG. 5 is an alternative flow chart of the parameter 5 
setting for molding removal according to the above 
described embodiment; 

FIG. 6 is a flow chart of a parameter change process 
of the removal pattern in case of changes in a mold 
opening completion position; 10 
FIG. 7 is a flow chart of the parameter change proc- 
ess of the removal pattern in case of changes in the 
advanced position of the ejector; 
FIG. 8 is a flow chart of a robot monitoring process 
executed by the processor in the controller of the is 
injection molding machine, according to the above 
described embodiment; 

FIG. 9 is a flow chart of a manual feed operation of 
the robot executed by the processor in the controller 
of the injection molding machine, according to the 20 
above described embodiment; 
FIG. 10 is a flow chart of a diagnostic process of the 
robot executed by the processor in the controller of 
the injection molding machine, according to the 
above described embodiment; 25 
FIG. 11 shows a main menu screen of items related 
to robot operation displayed on a display unit on the 
controller of the injection molding machine, accord- 
ing to the above described embodiment; 
FIG. 12 shows a mold database display screen dis- 30 
played on the display unit on the controller of the 
injection molding machine, according to the above 
described embodiment; 

FIG. 1 3 is a drawing showing examples of moldings 
removal patterns displayed on the display unit on 35 
the controller of the injection molding machine, ac- 
cording to the above described embodiment; 
FIG. 14 shows a moldings removal pattern setting 
screen according to the above described embodi- 
ment; 40 
FIG. 15 shows another moldings removal pattern 
setting screen according to the above described 
embodiment; 

FIG. 16 shows the display screen of travel patterns 
after molding removal that appears on the display 45 
unit on the controller of the injection molding ma- 
chine, according to the above described embodi- 
ment; 

FIG. 17 shows a gate cutting pattern display screen 

that appears on the display unit on the controller of so 

the injection molding machine, according to the 

above described embodiment; 

FIG. 18 shows a palletizing pattern display screen 

that appears on the display unit on the controller of 

the injection molding machine, according to the 55 

above described embodiment; 

FIG. 19 shows an insert pattern display screen that 

appears on the display unit on the controller of the 



4 

injection molding machine, according to the above 
described embodiment; and 
FIG. 20 shows a robot monitoring screen that ap- 
pears on the display unit on the controller of the in- 
jection molding machine, according to the above 
described embodiment; 

[0010] FIG. 1 is a schematic diagram of one embodi- 
ment of the present invention. This embodiment uses 
an injection molding machine as an example of the ma- 
chine equipped with a robot mounted on or near it. 
[0011] Unlike general machinery such as machine 
tools, injection molding machines process resin pellets, 
which are fed continuously and thus are not transported 
to the injection molding machines by robots. With injec- 
tion molding machines, the work handled by robots in- 
clude moldings. Systems are employed in which a robot 
removes moldings from molds and transports them to a 
molding collection site. In some cases, the robot also 
palletizes the removed moldings on pallets positioned 
at the molding collection site. In the case of insert mold- 
ing, which requires inserts to be fitted in molds in ad- 
vance, the robot is sometimes used to fit the inserts into 
the mold (in this case, the inserts are regarded as work). 
[0012] For an injection molding machine equipped 
with a robot (mounted on or near it) that performs mo- 
tions such as molding removal from molds, transport, 
palletizing, and installation of inserts, various operations 
including the installation of the motion programs execut- 
ed by the robot, calibration for associating the coordi- 
nate systems of the robot and injection molding ma- 
chine, and monitoring and diagnosis of robot motions 
are conventionally performed from the controller of the 
robot. 

[0013] Since the robot and injection molding machine 
operate in cooperation with each other, it is inconvenient 
that the robot can be operated only on the robot side 
and that the injection molding machine can be operated 
only on the side of the injection molding machine. Also, 
it is a problem that a control panel for operating the 
equipment, means for entering various data and com- 
mands, display unit, etc. must be provided separately 
for both robot and injection molding machine. 
[001 4] To solve these problems, the present invention 
provides the capability to operate the robot attached to 
an injection molding machine even from the controller 
of the injection molding machine. 
[0015] Referring to FIG. 1, reference numeral 11 de- 
notes a main unit of an injection molding machine 10 
and reference numeral 12 denotes a controller of the 
injection molding machine 10. The controller 12 of the 
injection molding machine 10 and a controller 22 of a 
robot 20 attached to the injection molding machine 10 
are connected by communication means such as Ether- 
net L. The robot controller 22 controls a working part 21 
of the robot attached to the injection molding machine 
10. 

[0016] The controller 12 of the injection molding ma- 
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chine 10 comprises a processor, memory such as a 
ROM or RAM, input/output interface, etc. It further com- 
prises a display unit 13 equipped with a touch panel 
which constitutes display/input means for the controller 
of the injection molding machine; input means 14 such 
as a keyboard for entering various data, set values, and 
commands; and a control panel 15 for operating the 
main unit 11 of the injection molding machine manually. 
Furthermore, the control panel 15 comprises a jog key 
and other manual robot operation means for manually 
operating the robot 20 attached to the injection molding 
machine, a Teach button for outputting teach com- 
mands, etc. 

[0017] Besides, the controller 22 of the robot 20 also 
comprises a processor, memory such as a ROM or 
RAM, input/output interface, etc. to control the working 
part 21 of the robot 20 according to taught programs. 
[0018] The configuration of the injection molding ma- 
chine 10 equipped with the above described robot 20 is 
almost identical to conventional ones. The differences, 
as described above, are that the control panel of the in- 
jection molding machine is equipped with manual oper- 
ation means such as a jog key for operating the robot 
and teaching means and that the controller 1 2 of the in- 
jection molding machine 1 0 stores various programs for 
controlling the robot 20. 

[001 9] Now operations performed by the controller 1 2 
of the injection molding machine, including program- 
ming of robot 20 motions and calibration, will be de- 
scribed below. 

[0020] As the operator turns on the injection molding 
machine 1 0 equipped with the robot 20 and selects Main 
Menu, the display screen of the display unit 1 3 equipped 
with a touch panel displays the Main Menu screen as 
shown in FIG. 11. Then, the processor in the controller 
12 of the injection molding machine checks repeatedly 
whether any of the mode selection buttons 41 - Mold, 
Coordinates, Diagnosis, Manual, and Monitor - dis- 
played on this display screen has been pressed and se- 
lected. The other mode selection buttons 41 » Remove, 
Travel, Gate, Palletizing, and Insert - are disabled on 
the Main Menu screen. 

[Calibration processing] 

[0021] First, as the operator presses the Coordinates 
mode selection button 41 to perform calibration for as- 
sociating the coordinate systems of the robot and injec- 
tion molding machine, the processor in the controller 12 
of the injection molding machine initiates the processing 
shown in FIG. 2. 

[0022] The processor displays an on-screen instruc- 
tion on the display unit 1 3 prompting the operator to po- 
sition the TCP (tool center point) at the origin of the robot 
coordinate system (Step A1). Then, based on the on- 
screen instruction, the operator positions the TCP of the 
robot 20 manually at the desired origin of the robot co- 
ordinate system by manipulating the manual operation 



means such as the jog key for manual feed of the robot 
installed on the control panel 15. In this embodiment, 
the operator positions the TCP at the center of the sprue 
in the stationary mold half, which is designated as the 

5 origin, and presses the Teach button on the control pan- 
el 15. The processor detects this (Step A2), stores the 
current position of the robot as the origin teaching posi- 
tion (Step A3), and displays an on-screen instruction to 
teach the robot a position on an axis, to be designated 

10 as X axis, of the robot coordinate system (Step A4). 
[0023] Following this on-screen instruction, the oper- 
ator teaches a position on the X axis by feeding the robot 
manually (Step A5). The processor stores the current 
position of the robot as the point teaching position on 

15 the X axis (Step A6) and displays an on-screen instruc- 
tion on the display unit 13 prompting the operator to 
teach a point on a plane, to be designated as X-Y plane, 
of the robot coordinate system (Step A7). 
[0024] The operator positions the TCP at a point on 

20 the X-Y plane by feeding the robot manually and press- 
es the Teach button. When the processor detects this 
(Step A8), it stores the current position of the robot as 
the point teaching position on the X-Y plane, calculate 
the coordinate system of the robot (Step A10), based 

25 on the origin teaching position, the point teaching posi- 
tion on the X axis, and the point teaching position on the 
X-Y plane, which are stored, and sends this coordinate 
system to the robot controller 22 through the Ethernet L 
(Step All). 

30 [0025] When the robot controller 22 receives this co- 
ordinate system, it sets this information in itself as the 
user coordinate system of the robot. 
[0026] The above is the calibration performed by the 
controller 12 of the injection molding machine to asso- 

35 ciate the coordinate systems of the injection molding 
machine and the robot attached to it. 

[Motion patterns of robot] 

40 [0027] Now description will be given about how to 
generate and register a program for molding removal 
motions of the robot 20. As the operator presses (se- 
lects) the Mold button among the mode selection but- 
tons 41 , the processor in the controller 1 2 of the injection 

45 molding machine initiates the processing shown in FIG. 
3. 

[0028] The processor in the controller 1 2 of the injec- 
tion molding machine displays mold database informa- 
tion stored in the nonvolatile memory portion or the like 

50 of the memory, on the display unit 1 3 as shown in FIG. 
12 (Step B1). The mold database stores the molding 
conditions for use in producing moldings on the injection 
molding machine, resin used, motion programs of the 
robot described later, motion programs of the injection 

55 molding machine, etc., associating them with molds. 
[0029] The items displayed based on this mold data- 
base include, a title 43, Mold Name/Date Registered ar- 
ea 44, motion pattern area 45 which shows possible ro- 
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bot motions, mold geometry area 46 which shows ap- 
proximate shapes of molds, and summary area 47 of 
the mold selected. Besides, the mode selection buttons 
41 and command buttons 42 are displayed. 
[0030] When the operator presses a mold name dis- 
played in the Mold Name/Date Registered area 44 and 
selects a mold, the mold geometry area 46 displays the 
shape of the mold, and the summary area 47 displays 
the pre-registered summary of the selected mold, in- 
cluding Mold Name, Mold Structure, Number of Cavi- 
ties, Gate Geometry, Resin Used, and Date Registered. 
Besides, the title area 43 additionally displays the name 
of the mold selected. Also, the motion pattern area 45 
displays the number that represents a motion pattern if 
any robot motion pattern has already been programmed 
for this mold and the program number has been regis- 
tered in the database or it displays "None" if no such 
pattern has been registered (Step B2). 
[0031] In the example of FIG. 12, the mold name 
"Gear 001" has been selected. For this mold, the first 
pattern program has been registered as a moldings re- 
moval pattern and the first pattern program has also 
been registered as a travel pattern, as can be seen from 
the figure. 

[0032] Based on this screen display, the operator de- 
termines whether it is necessary to generate and regis- 
ter a motion program for the robot 20 or not. On the other 
hand, the processor in the controller 12 of the injection 
molding machine checks repeatedly whether or not the 
Transfer, New, or Change command button 42 has been 
selected (Steps B3 to B5). 

[0033] If a robot 20 motion program necessary for the 
selected mold has already been registered, the operator 
presses the Transfer command button 42. When the 
processor detects that the Transfer button has been 
pressed (Step B3), it goes to Step B17 where it sends 
the robot 20 motion program registered for the selected 
mold to the robot controller 22 through the Ethernet L. 
[0034] If no pattern has been registered in the motion 
pattern area 45 and a new motion pattern program 
needs to be created, the operator presses the New com- 
mand button 42 in order to create a new motion pattern 
program. Or if a motion pattern has already been regis- 
tered, the operator may press the Change command 
button to change this motion pattern. When the proces- 
sor detects either action, i.e., the press of the New but- 
ton (Step B4) or Change button (Step B5), it checks re- 
peatedly whether or not the Register command button 
is pressed next (Step 6) or whether any of the mode se- 
lection buttons 41 -- Remove, Travel, Gate, Palletizing, 
or Insert - is pressed or not (Step B7). 
[0035] When the operator presses a desired mode se- 
lection button 41 to create or change a motion program, 
the processor displays the motion pattern setting screen 
on the display unit 13 to create a program that corre- 
sponds to the pressed mode selection button 41 . Spe- 
cifically, it displays the Removal pattern screen shown 
in FIG. 14 (or FIG. 15), Travel pattern screen shown in 



FIG. 16, Gate Cutting pattern screen shown in FIG. 17, 
Palletizing pattern screen shown in FIG. 18, or Insert 
pattern screen shown in FIG. 19, respectively, on the 
display unit 13 (Step B8) when the Remove, Travel, 

s Gate, Palletizing, or Insert button is pressed. 

[0036] Then, the operator selects the desired motion 
pattern from the displayed screen, enters values for the 
parameters required for the motion pattern (Step B9), 
and once he/she has finished entering data, presses the 

10 Mold mode selection button 41 (Step B10). The proces- 
sor executes parameter inputting processing while 
checking to see if the Mold button is pressed. 

[Patterns of removal of moldings from molds] 

15 

[0037] FIG. 1 3 shows the robot 20 motion (travel path 
of TCP) patterns for the removal of moldings from molds 
according to this embodiment. There are three patterns 
according to this embodiment. 

20 [0038] The first pattern comprises the following mo- 
tions. The TCP moves from a start position A to an ap- 
proach waiting position B-0 and waits there for a Start 
Approach command. When a Start Approach command 
is issued, the TCP moves from the approach waiting po- 

25 sition B-0 to a position B-2 for removal of moldings and 
the robot picks up and holds the moldings by an end 
effector such as a hand or attraction gripper. After the 
removal of moldings, the TCP moves to a post-removal 
retract position B-3 and moves through a removal con- 

30 firmation position B-4 to the start position A. 

[0039] The second pattern comprises the following 
motions. The TCP moves from a start position A to a 
approach waiting position B-0 and waits there for a Start 
Approach command. When a Start Approach command 

35 is issued, the TCP moves from the approach waiting po- 
sition B-0 to a position B-1 for waiting removal of mold- 
ings and waits there for a Start Removal command. 
When a Start Removal command is issued, the TCP 
moves from the position B-1 for waiting removal of mold- 

40 ings to a position B-2 for removal of moldings. There the 
robot picks up and holds the moldings by an end effector 
such as a hand or attraction gripper. After molding re- 
moval, the TCP moves to a post-removal retract position 
B-3 and moves through a removal confirmation position 

45 B-4 to the start position A. 

[0040] The third pattern comprises the following mo- 
tions. The TCP moves from a start position A to a ap- 
proach waiting position B-0 and waits there for a Start 
Approach command. When a Start Approach command 

50 is issued, the TCP moves from the approach waiting po- 
sition B-0 to a position B-2 for removal of moldings. 
There the robot picks up and holds the moldings by an 
end effector such as a hand or attraction gripper. Then, 
the TCP moves through a removal confirmation position 

55 B-4 to the start position A. 

[0041] If the operator selects the Remove mode se- 
lection button 41 , the processor detects this in Step B7 
and performs the parameter setting process for removal 
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of moldings shown by a flow chart in FIG. 4. First, it dis- 
plays the Removal pattern setting screen shown in FIG. 
1 4. This screen displays the mode selection buttons 41 , 
command button 42, and screen title 43 as well as a 
mold/platen picture display area 48, motion pattern dis- 
play area 49, motion pattern parameter setting display 
area 50, and area of various control buttons for use in 
teaching (Step C1). 

[0042] To select a motion pattern, the operator touch- 
es the pattern name display field of the motion pattern 
display area 49. Each time the operator touches this dis- 
play field, any one of pattern names of the first to third 
patterns described above is displayed in turn. At first, 
the currently selected pattern is displayed. 
[0043] The operator selects the motion pattern suita- 
ble to the mold among these kinds of motion patterns 
(Step C2) and sets the parameters needed to create a 
program that will make the robot perform the selected 
motion pattern. In other words, the operator sets the pa- 
rameters that represent the coordinates of the start po- 
sition, molding removal position, etc. of the selected mo- 
tion pattern as well as the travel speeds between indi- 
vidual positions. 

[0044] In the example of FIG. 14, the first motion pat- 
tern has been selected. Accordingly, the coordinates of 
the start position A, approach waiting position B-0, po- 
sition B-2 for removal of moldings, post-removal retract 
position B-3, and removal confirmation position B-4 are 
displayed as parameters in the parameter setting area 
50, prompting the operator to enter their values. The pa- 
rameter setting area 50 displays the values that have 
already been entered. 

[0045] The travel speed of the robot has been set in 
advance for each path and for each motion pattern, 
causing the robot to move according to the set value. It 
is also possible to allow the operator to set the travel 
speed. In that case, Travel Speed field is provided in 
parameter setting display area 50 to allow travel speed 
to be entered for each path: from the start position A to 
the approach waiting position B-0, from the approach 
waiting position B-0 to the position B-1 for waiting re- 
moval of moldings, from position A to position B-0, from 
position B-0 to position B-1 from position B-1 to position 
B-2, from position B-2 to position B-3, from position B- 
3 to position B-4, and from position B-4 to position A. 
[0046] When the operator selects a teach point dis- 
played on the parameter setting display area 50 (Step 
C3), the X coordinate value that has already been spec- 
ified for the selected teach point is read into a variable 
A and the Z coordinate value is read into a variable B. 
The coordinate values are converted into a coordinate 
position (in this coordinate system, the horizontal direc- 
tion corresponds to the X axis with the positive end 
pointing left and the vertical direction corresponds to the 
Z axis with the positive end pointing up) in the mold/plat- 
en picture display area 48 on the screen, and a mark 52 
is displayed at that position (Steps C4 and C5). 
[0047] In the example of FIG. 14, the position B-2 for 



removal of moldings has been selected as a teach point. 
In the coordinate system of the injection molding ma- 
chine according to this embodiment, the X axis extends 
horizontally with the positive end pointing in the mold 

5 opening direction and the Z axis orthogonal to the X axis 
extends vertically with positive end pointing up. The co- 
ordinate system of the robot comprises X and Z axes 
which have the same direction as those of the coordi- 
nate system of the injection molding machine as well as 

10 a Y axis orthogonal to the X and Z axis. 

[0048] The processor waits for a touch panel opera- 
tion (Step C6). When the touch panel is operated, the 
processor checks in sequence to see if the Teach button 
51a has been pressed, if a teach point has been indi- 

15 cated with a direct touch on a screen location, or if any 
of the buttons 51 b to 51 e has been pressed to move the 
above described mark 52 which represents a teach po- 
sition on screen, leftward, rightward, up, or down (Steps 
C7 to C12). If the Left button 51 b is pressed, the proc- 

20 essor increases the variable A by a fixed amount a 
(Steps C9 and C14); if the Right button 51c is pressed, 
the processor decreases the variable A by the fixed 
amount a (Steps C10 and C15); if the Up button 51 d is 
pressed, the processor increases the variable B by a 

25 fixed amount p (Steps C1 1 and C1 6); or if the Down but- 
ton 51 e is pressed, the processor decreases the varia- 
ble B by the fixed amount p (Steps C12 and C17). Then 
the processor returns to Step C5 to move the mark 52 
on the screen. 

30 [0049] If a point is indicated by a touch on the touch 
panel in the area 53 which is located in the mold/platen 
picture display area 48 and which represents the motion 
range of the robot (Step C8), the processor converts the 
coordinates of the point indicated by the touch on the 

35 screen into X and Z coordinates, stores the variables A 
and B (StepC13), and returns to Step C5 where it moves 
the mark 52 that represents the teach point to the loca- 
tion indicated through the touch panel. 
[0050] After repeating the above procedure, the oper- 

40 ator presses the Teach button 51a (Step C7) when the 
coordinate position of the teach point is determined. 
Then the processor sets the variables A and B to the X 
and Z coordinates of the selected teach point (the posi- 
tion B-2 for removal of moldings in the example of FIG. 

45 14) ; respectively, and displays them in the Selected 
Teach Point field in the parameter setting display area 

50 (Step C18). Also, it displays the mark 52 by convert- 
ing the variables A and B into screen coordinates (Step 
C19). 

50 [0051] In the control button area 51 for teaching in 
FIG. 14, the buttons 51 f and 51 g are used to switch the 
fixed amount of travel for the mark 52: when the button 

51 f is selected, both the fixed amounts a and p used in 
Steps C14 to C17 described above are set to 10 mm 

55 and when the button 51 g is selected, both the fixed 
amounts a and p are set to 1 mm. 
[0052] To teach the positions of teach points, the op- 
erator can also select each of the teach points (A, B-0, 
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B-1, B-2, B-3, and B-4) and enter values directly from 
the keyboard. 

[0053] FIG. 15 shows another moldings removal pat- 
tern setting screen according to a second embodiment 
for teaching moldings removal patterns. In this embod- 
iment, the operation moves the robot directly to teach it 
a moldings removal pattern. 

[0054] For that purpose, the removal pattern setting 
screen is provided with the manual feed buttons 54 for 
moving the robot manually and a button 55 for giving an 
instruction to store the current position. The control but- 
ton area 51 as shown in FIG. 14 is grayed out and dis- 
abled. Also, since the robot is moved directly and its 
TCP is positioned for teaching, the parameter setting 
display area 50 shown in the example of FIG. 14 is not 
provided. 

[0055] FIG. 5 is a flow chart of the parameter setting 
for moldings removal patterns according the second 
embodiment. Steps Dl to D5 are the same as the Steps 
C1 to C5 of the first embodiment shown in FIG. 4. Teach 
points are selected from the points (A, B-0, B-1 , B-2, B- 
3, B-4, etc.) in the motion pattern display area 49. 
[0056] Next, the processor reads the X coordinate C 
and Z coordinate D of the current position of the robot 
(the current position of the TCP), converts them into co- 
ordinates of the coordinate system set in the mold/plat- 
en picture display area 48, and displays the point 56 that 
represents the current position of the robot (Step D6 and 
D7). Incidentally, reference numeral 52 in FIG. 15 de- 
notes the mark that represents the currently stored po- 
sition of a selected teach point 

[0057] The processor checks whether the touch panel 
has been operated (Step D8) or not. If it has not, the 
processor returns to Step D6 and repeats Steps D6 to 
D8. If the touch panel has been operated, the processor 
checks whether or not the button pressed is a Save Cur- 
rent Position button 55 or any of the buttons 54 that 
move the TCP of the robot in the X or Z direction (i.e., 
+X button, -X button, +Z button, or -Z button) (Steps D9 
and D10). If it is any of the buttons 54 that move the 
robot, the processor sends to the robot controller a sig- 
nal for moving the robot in the specified direction (Step 
DM). Then it returns to Step D6 where it determines the 
X coordinate C and Z coordinate D of the current posi- 
tion of the robot, converts them (C and D) into screen 
coordinates, and displays the mark 56 accordingly. 
[0058] If any of the robot movement command but- 
tons 54 has been further pressed, the processor repeats 
Steps D6 to D11 and indicates the current position of 
the robot by the mark 56 on screen. When the robot 
moves to the appropriate position, the operator presses 
the Save Current Position button 55 to store the current 
coordinates of the robot as a teach point (Step D9). The 
processor reads the X coordinate C and Z coordinate D 
of the current position of the robot (Step D12), stores 
the X coordinate and Z coordinate of the selected teach 
point as C and D, respectively (Step D1 3), converts this 
point (C, D) into screen coordinates, and displays them 



as the mark 52 that represents the position of the se- 
lected teach point. At this time, the mark 56 that repre- 
sents the position of the robot coincides with the mark 
52. 

s [0059] In this way, teach positions, which are param- 
eters of a removal pattern, are set. 
[0060] Specifically, in the case of the first pattern, the 
start position A, approach waiting position B-0, position 
B-2 for removal of moldings, post-removal retract posi- 

10 tion B-3, and removal confirmation position B-4 are set 
and taught. 

[0061] In the case of the second pattern, the start po- 
sition A, approach waiting position B-0, removal waiting 
position B-1 , position B-2 for removal of moldings, post- 
75 removal retract position B-3, and removal confirmation 
position B-4 are set and taught. 

[0062] In the case of the third pattern, the start posi- 
tion A, approach waiting position B-0, position B-2 for 
removal of moldings, and removal confirmation position 
B-4 are set and taught. 

[0063] Based on the data taught in this way, a motion 
program of the robot is prepared as described later. 
[0064] During the removal of a moldings from a mold, 
when the mold opens and the ejector pushes out the 
molding, the robot grips and takes out the molding. 
Therefore, even when each parameter of removal pat- 
tern is set, any changes in the set values of the mold 
opening position (mold opening completion position) or 
ejector knock-out position (advanced position of the 
ejector) may affect the parameters that represents the 
positions in the removal pattern. In that case, it is desir- 
able to change the affected parameters. FIG. 6 shows 
the process of removal pattern parameter changes 
needed in case of changes in the mold opening comple- 
tion position. FIG. 7 is a flow chart of the parameter 
change process needed in case of changes in the ad- 
vanced position of the ejector. 

[0065] When the operator calls the setting screen for 
the mold opening process on the display unit 1 3 and en- 
ters a new position to change the mold opening comple- 
tion position, by operating the input means 1 4, the proc- 
essor executes the processing shown in FIG. 6 auto- 
matically. 

[0066] Specifically, when the operator enters a 
change of the set value of the mold opening completion 
position (Step E 1 ), the processor stores the old set value 
in a register A and stores the newly entered set value in 
a register B (Step E2). It sets the input value stored in 
the register B as the new mold opening completion po- 
sition (Step E3) and subtracts the value of the register 
A from the value of the register B to determine the 
amount of change in the set value, i.e., the change 5 in 
the mold opening amount(Step E4). Then, the proces- 
sor adds the above described change 8 to the X coordi- 
nate value xO of the approach waiting position B-0, X 
coordinate value xl of the removal waiting position B-1 
(in the case of the second pattern only), and X coordi- 
nate value x2 of the position B-2 for removal of moldings 
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to calculate their new coordinate values xO, xl, and x2 
(Step E5) and finishes the process of removal pattern 
parameter changes associated with changes in the 
mold opening completion position. 
[0067] No parameter change is made for the post-re- 
moval retract position B-3 and removal confirmation po- 
sition B-4, which are not affected by changes in the mold 
opening completion position. Although the X coordinate 
value xO of the approach waiting position B-0, X coordi- 
nate value x1 of the removal waiting position B-1, and 
X coordinate value x2 of the position B-2 for removal of 
moldings are changed in the example of FIG. 6, it is not 
always necessary to change all of them. 
[0068] For example, if the mold opening completion 
position is changed to a larger value (i.e., changes are 
made so that the mold will be opened more widely), it is 
enough to change only the position B-2 for removal of 
moldings. Normally, the end effector of the mold will not 
hit the mold or the like during its travel from the approach 
waiting position B-0 to the position B-2 for removal of 
moldings and thus it is enough to change only the posi- 
tion B-2 for removal of moldings. 
[0069] However, if the second removal motion pattern 
is selected, changing only the X coordinate value x2 of 
the position B-2 for removal of moldings will increase 
the travel distance from the removal waiting position B- 
1 to the position B-2 for removal of moldings by the 
change 8, requiring longer time for removal and thus re- 
sulting in a longer cycle time. Therefore, it is advisable 
to change the X coordinate values of the approach wait- 
ing position B-0, removal waiting position B-1 , and po- 
sition B-2 for removal of moldings even when the mold 
opening completion position is changed to a larger val- 
ue. Conversely, if the mold opening completion position 
is changed to a smaller value, it is desirable to change 
the X coordinate values of the three points: the approach 
waiting position B-0, removal waiting position B-1 , and 
position B-2 for removal of moldings, because the posi- 
tion of the platen comes near the robot removal path. 
[0070] When the mold opening completion position is 
changed to a smaller value (i.e., in the mold clamping 
direction), if the amount of the change is large, the X 
coordinate value x2 of the position B-2 for removal of 
moldings after the change may be closer to the mold- 
clamping side (right-hand side in FIGS. 14 and 15) than 
the X coordinate value x3 of the post-removal retract po- 
sition B-3 or the X coordinate value x4 of the removal 
confirmation position B-4. This means that x3 > x2 + 8 
(where 8 < 0). In this situation, the end effector may hit 
the mold while it is ascending (moving from the position 
B-2 for removal of moldings through the post-removal 
retract position B-3 and removal confirmation position 
B-4 to the start position A) after mold removal. To avoid 
this situation, a limit may be placed on the amount of 
change in mold opening, especially on the amount of 
change in the direction of mold clamping. It is also pos- 
sible to display a message prompting the operator to re- 
consider the entire removal path followed by the robot 



if the amount of change in the mold opening completion 
position exceeds a certain value. 
[0071] When the operator displays an ejection proc- 
ess setting screen on the display unit and enters a 

5 change to the set values of the advanced position of the 
ejector in the ejection process, by operating the input 
means 14, the processor automatically starts the proc- 
ess of removal pattern parameter changes shown in the 
flow chart of FIG. 7. 

10 [0072] Specifically, when the operator enters a 
change to the set value of the advanced position of the 
ejector (Step F1 ), the processor stores the old set value 
of the advanced position of the ejector (Step F4) in the 
register A and stores the newly entered value in the reg- 

15 ister B (Step F2). It sets the input value stored in the 
register B as the advanced position of the ejector (Step 
F3) and subtracts the value of the register B from the 
value of the register A to determine the amount of 
change in the set value, i.e., the change 5 in the ad- 

20 vanced position of the ejector (Step F4). Then, the proc- 
essor changes the X coordinate value x2 of the position 
B-2 for removal of moldings by the change 8 in the ad- 
vanced position of the ejector (Step F5) and finishes this 
process. 

25 [0073] When the advanced position of the ejector is 
changed, since the position of the platen at the comple- 
tion of mold opening does not change, it is advisable not 
to change the approach waiting position B-0 or removal 
waiting position B-1 . When the advanced position of the 

30 ejector is shifted in the advance direction of the ejector, 
(i.e., in the mold clamping direction), if the amount of the 
change is large, a situation represented by x3 > x2 + 8 
(where 8 < 0) or x1 > x2 + 8 (where 8 < 0) may result as 
is the case when the mold opening completion position 

35 is shifted in the mold clamping direction. To avoid this 
situation, a limit can be placed on the amount of change 
in the advanced position of the ejector, especially on the 
amount of change in the direction of the advanced po- 
sition of the ejector. It is also possible to display a mes- 

40 sage prompting the operator to reconsider the entire re- 
moval path followed by the robot if the amount of change 
in the advanced position of the ejector exceeds a certain 
value. [Travel patterns] 

[0074] If the Travel button is pressed in Step B7, the 
45 Travel Pattern screen shown in FIG. 16 appears (Step 
B8) and displays the transport patterns of the moldings 
removed from a mold. This embodiment assumes that 
there are four patterns and displays them as well as di- 
agrams 61 that represent the movement zones of the 
50 mold and end effector of the robot in relation to each 
other. 

[0075] Point A indicates the position where molding 
removal is completed according to a moldings removal 
pattern while points B, C, and D represents the dis- 
55 charge positions of moldings or runners. The first travel 
pattern comprises a travel from the completion position 
A of molding removal to point B where the molding is 
released from the end effector and discharged. The sec- 
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ond travel pattern comprises a travel from the removal 
completion position A to point D where runners are re- 
moved and then a travel to point B where the molding 
is discharged. The third travel pattern comprises a travel 
from the removal completion position A to point C where 
the molding is discharged. The fourth travel pattern 
comprises a travel from the removal completion position 
A to point C where the molding is discharged and then 
a travel to point B where runners are discharged. 
[0076] When the operator selects one of the travel 
patterns with the appropriate command button 42, a pa- 
rameter setting area 60 appears and displays the coor- 
dinate position and travel speed parameters necessary 
for the selected pattern, prompting the operator to enter 
parameter values. In the example of FIG. 1 6, where the 
first pattern has been selected, the operator is prompted 
to enter the position (X, Y, Z) of point B and travel speed 
from the removal completion point A to point B. In rela- 
tion to travel patterns, the operator is also asked to spec- 
ify whether to cut off gates and whether to palletize the 
moldings that are collected after removal. 

[Gate cutting patterns] 

[0077] When the operator presses the Gate mode se- 
lection button 41, the Gate Cutting Pattern screen 
shown in FIG. 17 is displayed on the display unit 13. 
This embodiment assumes that there are four gate cut- 
ting patterns and displays four patterns, which involves 
one, two, or four gate cutting positions. 
[0078] The first pattern, involves making a cut at one 
position C1 located in the horizontal direction (X-axis di- 
rection) from the sprue position (origin O). The second 
pattern involves making cuts at two positions at two po- 
sitions C1 and C2 located in the horizontal direction (X- 
axis direction) from the sprue position. The third pattern 
involves making cuts at four positions, two sets of C1 
and C2, located in the horizontal direction (X-axis direc- 
tion) from 01 and 02, respectively, which in turn are lo- 
cated in the vertical direction (Z-axis direction) from the 
sprue position (origin O). The fourth pattern involves 
making cuts at four in the directions different from those 
in the third pattern at two positions located in the hori- 
zontal direction (X-axis direction) and two positions lo- 
cated in the vertical direction (Z-axis direction) from the 
sprue position (origin O). 

[0079] When the operator selects a pattern with an 
appropriate command button 42, the parameter setting 
area 60 appears and displays the parameters needed 
to identify the selected pattern, prompting the operator 
to enter parameter values. In the example of FIG. 17, 
where the second pattern has been selected, the oper- 
ator should enter the distances (including a sign) from 
the sprue position (origin) to points C1 and C2. The op- 
erator should also enter the operating time of the gate 
cutting means. 



[Palletizing patterns] 

[0080] When the operator presses the Palletizing 
mode selection button 41 , the Palletizing Pattern screen 
5 shown in FIG. 18 appears. This screen is used to set a 
palletizing pattern for use in placing the moldings re- 
moved from the injection molding machine 1 0 on pallets. 
This embodiments proposes three patterns. 
[0081] The first pattern is single-rank palletizing. The 
10 parameters that need to be specified include the pal- 
letizing interval L1 (file spacing), number of files, and 
number of pallet stacks in the rank. The second pattern 
is double-rank palletizing. The parameters that need to 
be specified include the file spacing L1, rank spacing 
15 L2, number of files, and number of pallet stacks. The 
third pattern allows the numbers of files and ranks to be 
specified freely. In the example of FIG. 18, the third pat- 
tern has been selected. The parameters that need to be 
specified include file spacing L1, rank spacing L2, 
number of files, number of ranks, number of pallet 
stacks, and height of a pallet stack. The third pattern 
also allows the selection of a palletizing direction be- 
tween the file direction and rank direction. Examples are 
shown graphically and File Mode and Rank Mode com- 
mand buttons 42 are provided for selecting this direc- 
tion. 

[Insert patterns] 

[0082] When the operator presses the Insert mode 
selection button, the screen shown in FIG. 19 appears 
and displays a drawing of a mold, a parameter setting 
area, and command buttons 42 for selecting either mov- 
able or stationary mold half on which the insert is to be 
mounted, prompting the operator to select the movable 
or stationary mold half and enter the number of inserts 
to be mounted and coordinate positions of the inserts. 

[Processing for each pattern] 

[0083] When the operator selects a robot motion nec- 
essary for the selected mold, selects a motion pattern 
of the selected robot motion, enters values for neces- 
sary parameters, and presses the Mold mode selection 
button 41 (Step B10), the display screen of the display 
unit 1 3 switches to the Mold Database screen shown in 
FIG. 12 (Step B11). The processor checks repeatedly 
whether the Register command button 42 is pressed or 
not and whether any of the mode selection button 41 is 
pressed or not (Steps B6 and B7). 
[0084] If the operator further presses another mode 
selection button 41 to specify another necessary mo- 
tion, the processor repeats Steps B8 to B10 described 
above, prompts the operator to set necessary parame- 
ters for the selected motion, and stores the set values. 
[0085] When the operator enters numeric values for 
the parameters of the required motion pattern, the proc- 
essor displays the Mold Database screen. Then if the 
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operator presses the Register command button 42, the 
processor in the controller 12 of the injection molding 
machine detects the press of the button in Step B6 and 
goes to Step B12. 

[0086] Based on the selected kind pattern of the spec- 
ified motion pattern and parameter information that 
identifies the motion pattern, the processor generates a 
robot motion program automatically and stores it in the 
nonvolatile memory within the controller 1 2 of the injec- 
tion molding machine. If the operator changes a pro- 
gram by processing the Change motion selection but- 
ton, the processor writes the changed program over the 
old program. If a new program is generated, it is stored 
in the nonvolatile memory. 

[0087] In generating the program automatically, the 
processor checks whether the motion program neces- 
sary for the molding removal motion can be created 
properly or not (Step B13). If it cannot, the processor 
displays an alarm message on the current screen, Mold 
Database screen (Step B14), and returns to Step B7. 
[0088] Specifically, when a removal motion pattern is 
specified, a travel pattern must always be specified, and 
if no travel pattern is specified or if no gate cutting motion 
pattern or palletizing motion pattern is specified even 
though Gate Cutting or Palletizing is set to "Yes" in travel 
pattern setting (See FIG. 16), the processor displays an 
alarm message in Step B1 4 and goes to Step B7 so that 
the lacking motion patterns can be specified. 
[0089] On the other hand, if no alarm condition is en- 
countered when creating a program of a specified mo- 
tion pattern, the processor goes from Step B13 to B15 
where it checks whether a program number has already 
been assigned to this motion pattern or not. If the oper- 
ator pressed Change command button 42 in Step B5 to 
change a registered program, selected a motion pattern, 
and set parameters, a program number should have al- 
ready been assigned to the old motion pattern program. 
However, if the operator selected and specified a motion 
pattern by pressing the New command button, no pro- 
gram number has been assigned yet. Thus, the proces- 
sor assigns a program number automatically to the pro- 
gram stored in Step B12 and registers this program 
number under the selected mold in the mold database 
(Step B16). This associates the mold with the robot mo- 
tion program. The nonvolatile memory that stores this 
mold database constitutes a means for associating pro- 
grams with molds. Then, the processor sends the reg- 
istered program to the robot controller 22 through the 
Ethernet L. 

[0090] If a program number has already been as- 
signed in Step B15, the motion program stored under 
this program number is sent to the robot controller 22 
through the Ethernet L. 

[0091] The robot controller 22 installs the motion pro- 
gram received through the Ethernet to drive and control 
the working part 21 of the robot according to this pro- 
gram. 

[0092] In the embodiment described above, motion 



programs of the robot are created on the controller 12 
of the injection molding machine, based on the set data 
of various parameters that define motion patterns of the 
robot. However, the motion programs of the robot can 
5 also be created on the robot controller 22. In that case, 
when a press of the Register button is detected in Step 
B6 in FIG. 3, the data on the set values of the parameters 
for the various motion patterns specified is sent to the 
robot controller 22 through the Ethernet L. Then, Step 
10 B12 and subsequent steps in FIG. 3 are performed by 
the robot controller 22. In Step B14, a signal is sent to 
the controller 12 of the injection molding machine, re- 
questing it to display an alarm message so that Step B7 
and subsequent steps will be performed by the control- 
's ler 12 of the injection molding machine. The check in 
Step B1 5 becomes unnecessary. Also, instead of Steps 
B16 and B17, a program created on the robot controller 
22 is sent to the controller 12 of the injection molding 
machine. The controller 12 of the injection molding ma- 
20 chine registers the received program under the selected 
mold stored in the mold database. If a robot motion pro- 
gram itself issenttothe robot controller 22 at the transfer 
command in Step B3, the robot controller 22 installs this 
program as it is, for robot operation. 

25 

[Monitoring processing] 

[0093] To monitor the operational status of the robot 
during the operation of the injection molding machine 

30 10 and robot 20, the operator should press the Monitor 
mode selection button 41 . Then, the display unit 1 3 dis- 
plays the open/closed status of the mold and operating 
state of the robot as shown in FIG. 20 and the processor 
initiates the processing shown in FIG. 8 every predeter- 

35 mined period. 

[0094] First, a data request for present values is out- 
put to the robot controller 22 through the Ethernet L 
(Step G1). In response, the robot controller 22 sends 
various data on the current state of the robot operation 

40 including the current positions of robot axes, the position 
of the TCP in the robot coordinate system (orthogonal 
coordinates in the user coordinate system which was 
set in advance), program number, and number of lines 
in the program to the controller 1 2 of the injection mold- 

45 jng machine. The processor in the controller 12 of the 
injection molding machine receives and stores these da- 
ta (Step G2) and read the present values of the injection 
molding machine (Step G3). What is related to both the 
condition of the robot 20 and condition of the injection 

50 molding machine 10 includes the position of the mova- 
ble platen (the position of the movable half) in the mold 
clamping mechanism and the position of the ejector that 
forces out moldings. Their current positions are detect- 
ed (Step G3). 

55 [0095] The processor in the controller 1 2 of the injec- 
tion molding machine displays the received current po- 
sition of the robot, the position (C) of the movable mold 
half of the injection molding machine, and the current 
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position of the ejector position (E). It also draws anima- 
tion of the robot and draws animation of the current po- 
sition and posture of the robot, position of the movable 
platen, etc. (Step G4) based on the received and detect- 
ed current positions. Subsequently, the processor exe- 
cutes this processing every predetermined period to al- 
low the operating states of the robot and injection mold- 
ing machine to be monitored on the display unit 13 in 
the controller of the injection molding machine. 

[Manual operation of robot] 

[0096] If the operator presses the Manual mode se- 
lection button 41 to feed the robot manually, the proc- 
essor executes the processing shown in FIG. 9 every 
predetermined. It checks if manual operation means 
such as a jog feed button installed on the control panel 
1 5 of the injection molding machine 1 0 for giving a man- 
ual feed instruction has been pressed (Step H1). If no 
such button has been pressed, the processor termi- 
nates this cycle of processing immediately. If such a but- 
ton has been pressed, the processor sends an instruc- 
tion to feed the robot manually in the direction specified 
by the manual operation means to the robot controller 
22 through the Ethernet L (Step H2) and finishes this 
cycle of processing. Subsequently, the processor re- 
peats this processing every predetermined period. 
[0097] On the other hand, upon receiving the manual 
feed instruction through the Ethernet L, the processor 
in the robot controller 22 moves the working part 21 of 
the robot in the specified direction at a specified speed 
as is the case when the instruction is given by the man- 
ual operation means of the robot controller 22. 
[0098] Thus, the manual feed of the robot can be con- 
trolled from the control panel 15 on the controller 12 of 
the injection molding machine. The robot 20 moves 
while the button of the manual operation means is being 
pressed and stops when the button is released. In this 
respect, this operation is the same as the operation from 
the control panel on the robot controller 22. 

[Diagnosis of robot] 

[0099] In the case where the robot issues an alarm 
and stops, if the operator presses the Diagnosis mode 
selection button 41 , the processor in the controller 12 of 
the injection molding machine performs the processing 
shown in FIG. 10. 

[0100] First, the processor sends a diagnostic-data 
request signal to the robot controller 22 through the 
Ethernet L (Step 1 1 ). Then, the robot controller 22 reads 
information about the currently activated alarm and the 
alarm history information stored in memory and sends 
them to the controller 12 of the injection molding ma- 
chine through the Ethernet L in response. The processor 
in the controller 12 of the injection molding machine re- 
ceives the currently activated alarm and alarm history 
(Step 12) and displays this information on the display unit 
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13 (Step 13). 

[0101] In the embodiment described above, an injec- 
tion molding machine is taken as an example of the ma- 
chine equipped with a robot and moldings and inserts 
are used as examples of the work handled by the robot. 
However, the present invention can also be applied to 
machines other than injection molding machines. When 
it is applied to machine tools, general industrial machin- 
ery, or the like equipped with a robot, their work can be 
a work piece to be processed on them, parts assembled 
into such work piece, etc. 

[0102] Besides, as input means on the display unit, 
the embodiment described above uses a touch panel. 
Instead of the touch panel, however, it is also possible 
to use publicly known methods such as a method of 
pointing and selecting teach points or buttons on screen 
by using a touch pen or mouse pointer. 



20 Claims 

1. A robot and machine linked system, comprising: 

a machine which has a controller; 
25 a robot which has a controller and is installed 

on or arranged near said machine; and 
communication means which connects the 
controller of said robot and controller of said 
machine, 

30 

wherein the controller of said machine has the 
capability to create or change robot programs and 
transfers robot programs created or changed on the 
controller of the machine to the controller of the ro- 
35 bot via said communication means. 

2. A robot and machine linked system, comprising: 

a machine which has a controller and display/ 

40 input means; 

a robot which has a controller and is installed 
on or arranged near said machine; and 
communication means which connects the 
controller of said robot and controller of said 

45 machine, 

wherein said display/input means of said ma- 
chine enters the data to be incorporated into pro- 
grams of said robot into controller of said machine, 
so and the controller of the machine transfers the en- 
tered data to the controller of the robot via said com- 
munication means, and the controller of the robot 
creates or changes programs based on the data. 

S5 3. The system according to claim 1 or 2, wherein said 
machine is provided with a control panel containing 
manual keys or buttons for moving the robot man- 
ually. 
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4. The system according to claim 1 , 2 or 3, wherein 
said machine has robot operation pattern selecting 
means for selecting any one of the movement pat- 
terns of the end effector of the robot, which are set 

in advance, and display device to display the select- s 
ed moving pattern. 

5. The system according to any preceding claim, 
wherein said machine has robot operation pattern 
selecting means for selecting any one of the move- 10 
ment patterns of the end effector of the robot, which 

are set in advance, display device to display the se- 
lected moving pattern, and keys or buttons for man- 
ually moving the robot. 

15 

6. The system according to any one of claims 1 to 5, 
wherein said machine has additionally parameter 
setting means for specifying the parameter selected 
by said robot operation pattern selecting means. 

20 

7. The system according to any preceding claim, 
wherein said machine is an injection molding ma- 
chine. 

8. The system according to claims 2 and 7, wherein 25 
said display/input means provided on said injection 
molding machine comprises means for displaying 
pictures that represent molds and pictures that rep- 
resent platens, means for selecting robot teach 
points displayed on said display/input means, and 30 
means for entering the coordinate values of the 
teach points selected. 

9. The system according to claims 2 and 7, wherein 
said input means for entering the coordinate values 35 
involves entering numeric values. 

10. The system according to claims 2 and 7, wherein 
said means for entering the coordinate values al- 
lows indicating of the locations of teach points on 40 
the screen with a touch pen or mouse pointer and 
entering of the coordinate values based on the in- 
dicated locations on the screen. 



13. The system according to claims 2 and 7, wherein 
said means for entering the coordinate values al- 
lows moving of the robot and entering of the coor- 
dinate values of the current position of the robot. 

14. The system according to any one of claims 7 to 1 3, 
wherein the controller of said machine comprises 
means for setting the mold opening completion po- 
sition and means for changing the molding removal 
position of said robot in accordance with the amount 
of change in the set values of the mold opening 
completion position. 

1 5. The system according to any one of claims 7 to 1 3, 
wherein the controller of said machine comprises 
means for setting the advanced position of the ejec- 
tor and means for changing the molding removal 
position of said robot in accordance with the amount 
of change in the set values of the advanced position 
of the ejector. 

1 6. The system according to any one of claims 7 to 1 6, 
wherein said machine is provided with a control 
panel containing manual keys or buttons for moving 
the robot manually. 



11. The system according to claims 2 and 7, wherein 45 
said means for entering the coordinate values in- 
volves indicating of the locations of teach points on 

the screen with a touch panel mounted on said dis- 
play/input means and entering of the coordinate val- 
ues based on the indicated locations of the teach so 
points on the screen. 

12. The system according to claims 2 and 7, wherein 
said means for entering the coordinate values al- 
lowing moving of said teach points on the screen S5 
and entering of the coordinate values based on the 
locations of the teach points on the screen. 
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